DNA mismatch repair (MMR) is crucial to ensuring the fidelity of the genome. The inability to correct single base mismatches leads to elevated mutation rates and carcinogenesis. Using metalloinsertorsbulky metal complexes that bind with high specificity to mismatched sites in the DNA duplex-our laboratory has adopted a new chemotherapeutic strategy through the selective targeting of MMR-deficient cells, that is, those that have a propensity for cancerous transformation. Rhodium metalloinsertors display inhibitory effects selectively in cells that are deficient in the MMR machinery, consistent with this strategy. However, a highly sensitive structure-function relationship is emerging with the development of new complexes that highlights the importance of subcellular localization. We have found that small structural modifications, for example a hydroxyl versus a methyl functional group, can yield profound differences in biological function. Despite similar binding affinities and selectivities for DNA mismatches, only one metalloinsertor shows selective inhibition of cellular proliferation in MMR-deficient versus -proficient cells. Studies of whole-cell, nuclear and mitochondrial uptake reveal that this selectivity depends upon targeting DNA mismatches in the cell nucleus.
DNA mismatch repair (MMR) is crucial to ensuring the fidelity of the genome. The inability to correct single base mismatches leads to elevated mutation rates and carcinogenesis. Using metalloinsertorsbulky metal complexes that bind with high specificity to mismatched sites in the DNA duplex-our laboratory has adopted a new chemotherapeutic strategy through the selective targeting of MMR-deficient cells, that is, those that have a propensity for cancerous transformation. Rhodium metalloinsertors display inhibitory effects selectively in cells that are deficient in the MMR machinery, consistent with this strategy. However, a highly sensitive structure-function relationship is emerging with the development of new complexes that highlights the importance of subcellular localization. We have found that small structural modifications, for example a hydroxyl versus a methyl functional group, can yield profound differences in biological function. Despite similar binding affinities and selectivities for DNA mismatches, only one metalloinsertor shows selective inhibition of cellular proliferation in MMR-deficient versus -proficient cells. Studies of whole-cell, nuclear and mitochondrial uptake reveal that this selectivity depends upon targeting DNA mismatches in the cell nucleus.
Introduction
The mismatch repair (MMR) machinery recognizes and repairs single base lesions and mismatches that arise from errors in DNA replication [1, 2] . Deficiencies in the MMR machinery increase the rate of mutagenesis 50-to 1000-fold, resulting in an enhanced susceptibility to cancer [3, 4] . Additionally, many MMR-deficient cancers exhibit resistance to chemotherapeutics such as DNA alkylators and platinating agents [5] as MMR proteins are responsible for recognizing the DNA adducts formed by these agents [6] .
As a strategy to target MMR-deficient cancers, we have developed a variety of bulky rhodium complexes that target DNA mismatches through metalloinsertion, a binding mode in which a sterically expansive ligand, such as chrysenequinone diimine (chrysi; figure 1 ), inserts into the DNA base stack at the site of the mismatch and ejects the thermodynamically destabilized bases. These complexes exhibit 1000-fold selectivity over well-matched DNA and target 80 per cent of all mismatches irrespective of sequence context [7] [8] [9] [10] . Metalloinsertion represents a general binding mode for the binding of bulky metal complexes to destabilized mismatches. With intercalative binding, well-matched, hydrogen-bonded base pairs separate, increasing the helical pitch, so that an aromatic heterocyclic ligand can stack within the DNA duplex, essentially like another base pair [11] . For metalloinsertion, the flat aromatic heterocyclic ligand is simply too large to insert easily into the DNA duplex and instead, to accommodate the inserting ligand, the base pairs must separate and be ejected from the helix [12, 13] . This ejection only occurs easily at destabilized mismatched sites, and thus the binding affinity for mismatches correlates with the thermodynamic instability of the mismatch, the ease of separation and ejection. Several crystal structures have shown that metalloinsertion occurs from the minor groove side with no increase in helical pitch [12] [13] [14] . As a result, for the tris(chelate) metalloinsertors, binding within the small minor groove is highly enantioselective for the -isomer.
Previously, we have demonstrated that, because of this high specificity for DNA mismatches, these rhodium metalloinsertors have unique biological properties [15] [16] [17] . Their biological activity has been characterized in two isogenic cell lines derived from human colorectal carcinoma (HCT116), one MMR-deficient (HCT116O) and the other MMR-proficient (HCT116N) [18] . Cellular proliferation assays have shown that our rhodium metalloinsertors exhibit antiproliferative activity preferentially in the MMR-deficient HCT116O line. Moreover, the extent of this cell selectivity is dependent on binding of the complex to a mismatched site: the higher the mismatch binding affinity, the greater the differential inhibition of cellular proliferation in MMRdeficient versus -proficient cells [16] . Recently, complexes prepared with more efficient cellular uptake have also shown a differential cytotoxicity in MMR-deficient versus -proficient cells [17] . The results, therefore, support the strategy of a cell-selective chemotherapeutic strategy based upon DNA mismatch targeting.
In the development of novel metalloinsertors for improved cell-selective anti-proliferative activity, two complexes were discovered to have strikingly different biological activities, despite containing only minor functional group changes to their overall structure. The complexes, depicted in figure 1, are tris(chelate) compounds that consist of two N-functionalized dipyridylamine (DPA) ligands in addition to the inserting chrysi ligand. The modified DPA ligands contain either ethanol or N-propyl moieties, affording [Rh(DPAE) 2 2 chrysi] 3+ displays little detectable cell selectivity; instead, the PrDPA complex inhibits cellular proliferation in both cell lines. Here, we explore the various factors that contribute to this cell-selective biological activity for one complex with no activity for the closely related complex. We find that the selective activity in MMR-deficient cells depends not only upon a high binding affinity for single base mismatches, present for both complexes, but also upon efficient targeting of the complexes to nuclear rather than mitochondrial DNA. Specifically, genomic DNA mismatches are implicated as the target for rhodium metalloinsertors in cellulo, whereas the mitochondrion appears to be an undesirable target. These results underscore subcellular localization as an important factor also in therapeutic design.
Experimental (a) Material and methods
All organic reagents were purchased from Sigma-Aldrich unless otherwise noted. Commercially available chemicals were used as received without further purification. RhCl 3 starting material was purchased from Pressure Chemical Co. Media and supplements were purchased from Invitrogen (Carlsbad, CA, USA). BrdU, antibodies and buffers were purchased in kit format from Roche Molecular Biochemical (Mannheim, Germany).
Oligonucleotides were ordered from Integrated DNA Technologies and purified by highperformance liquid chromatography (HPLC) using a C18 reverse-phase column (Varian, Inc.). All HPLC purifications were carried out on a Hewlett-Packard 1100 HPLC system. DNA purity was confirmed by matrix-assisted laser desorption ionization-time of flight (MALDI-TOF) mass spectrometry and quantified by UV-vis using the extinction coefficients at 260 nm estimated for single-stranded DNA. UV-vis characterizations were performed on a Beckmann DU 7400 spectrophotometer.
(b) Ligand synthesis
The ancillary ligands 2-(di(pyridin-2-yl)amino)ethanol (DPAE, 5a) and N-propyl-N-(pyridin-2-yl)pyridin-2-amine (PrDPA, 5b) were synthesized from 2,2 -dipyridylamine (2) according to scheme 1. 
Tert-butyl 2-(di(pyridine-2-yl)amino)acetate (4) was prepared according to a modified procedure from the literature [19] . Potassium hydroxide (3.0 g, 53.6 mmol, 4.6 equiv.) was added to a solution of 2,2 -dipyridylamine (2) (2.0 g, 11.7 mmol) in 40 ml DMSO and stirred at room temperature for 16 h. Potassium iodide (200 mg, 1.2 mmol, 0.1 equiv.) and tert-butyl bromoacetate (3) (4 ml, 2.3 equiv.) were added to the mixture, and the reaction was stirred for 2 h at room temperature. The reaction mixture was extracted with diethyl ether (3 × 50 ml). The organic fractions were combined and dried over magnesium sulfate, and the solvent was removed by rotary evaporation. The crude product was isolated by flash chromatography (SiO 2 , hexane/ethyl acetate = 8 : 2) to give a yellow oil. Yield: 2.92 g (88%). 1 (ii) 2-(di(pyridine-2-yl)amino)ethanol (5a)
To a slurry of lithium aluminium hydride (LAH; 1.17 g, 30.8 mmol, 3.0 equiv) in tetrahydrofuran (THF; 45 ml) was added 4 (2.9 g, 10.2 mmol) at 0 • C under 1 atm argon. The reaction was slowly warmed to room temperature over 4 h. The reaction mixture was then diluted with ethyl ether and cooled to 0 • C. The reaction was quenched via careful addition of water (4.0 ml) and then dried with magnesium sulfate. The solvent was removed in vacuo, and the crude product was purified by flash chromatography (SiO 2 , hexane/ethyl acetate = 1 : 1) to afford DPAE (5a) as a pale yellow oil. Yield: 1.2 g (55%). 1 
(iii) N-propyl-N-(pyridin-2-yl)pyridin-2-amine (5b)
To a slurry of sodium hydride (70 mg, 2.9 mmol) in THF (10 ml) was added 2 (500 mg, 2.9 mmol) in 5 ml THF at 0 • C under 1 atm argon. The reaction was purged with argon for 15 min, and 1-bromopropane (468 mg, 3.8 mmol) was added dropwise and warmed to room temperature. The reaction was stirred for an additional 18 h under argon at reflux temperature. The reaction mixture was extracted with dilute sodium bicarbonate, and the aqueous phase was extracted with CH 2 Cl 2 (3 × 40 ml). The organic fractions were combined and dried over magnesium sulfate, and the solvent was removed in vacuo. 5b was purified via flash chromatography (SiO 2 , hexane/ethyl acetate = 9 : 1). Yield: 100 mg (25%). 1 (6) Rhodium precursor 6 was synthesized from [Rh(NH 3 ) 5 Cl] 2+ according to published protocols [16] .
(ii) rac-[Rh(DPAE) 2 
chrysi] 3+ (1a)
[Rh(NH 3 ) 4 chrysi]Cl 3 (6) (20 mg, 0.038 mmol) and 5a (17.8 mg, 0.082 mmol, excess) were dissolved in a 1 : 1 mixture of ethanol and water (100 ml) and heated under reflux for 28 h. The solvent was removed in vacuo, and the crude product was purified by HPLC (95 : 5 : 0.001 H 2 O : MeCN:trifluoroacetic acid (TFA)), using a C18 reverse-phase column (Varian, Inc.). The purified product was dried under vacuum and redissolved in a minimal volume of water. The TFA counterion was exchanged for a chloride with a Sephadex QAE-125 ion-exchange resin primed 3+ were dissolved in 10 ml 1-octanol-saturated H 2 O. Aliquots (2 ml) of each sample were taken in triplicate, mixed with an equal volume of H 2 O-saturated 1-octanol, and vortexed for 10 s. The samples were incubated at room temperature for 4 h and centrifuged for 5 min at 3000 r.p.m. to allow for the separation of the two phases. The concentrations of rhodium in the aqueous and organic phases were determined by UV-vis; to account for the change in the molar absorptivity of rhodium in 1-octanol, [ (e) Cell culture HCT116N and HCT116O cells were grown in RPMI-1640 medium containing 10 per cent foetal bovine serum, 2 mM L-glutamine, 0.1 mM non-essential amino acids, 1 mM sodium pyruvate, 100 U ml −1 penicillin, 10 µg ml −1 streptomycin and 400 µg ml −1 Geneticin (G418). Cells were grown in tissue culture flasks (Corning Costar, Acton, MA, USA) at 37 • C and under 5 per cent CO 2 humidified atmosphere.
(f) Cellular proliferation ELISAs
Enzyme-linked immunosorbent assays (ELISAs) were performed with HCT116N and HCT116O cells as described in the literature. Cells were incubated with varying concentrations of 1a or 1b for the durations specified, then grown in rhodium-free medium for the remainder of the 72 h period. After 48 h, BrdU was added, and, at 72 h, BrdU incorporation was quantified by antibody assay [20] . Cellular proliferation was expressed as the ratio of BrdU incorporation into treated cells versus that of untreated cells, and standard errors were calculated from five replicates.
(g) Cellular proliferation with MTT MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) experiments were performed with HCT116N and HCT116O cells as described in the literature [21] . HCT116N and HCT116O cells were inoculated with 0-40 µM 1a or 1b and plated in 96-well plates at 50 000 cells per well. Cells were incubated for 24 h at 37 • C under humidified atmosphere. After the incubation period, MTT was added, and the cells were incubated for an additional 4 h. The resulting formazan crystals were solubilized over a period of 24 h at 37 • C, 5 per cent CO 2 . Formazan formation was quantified via electronic absorption at 550-600 nm with a reference wavelength of 690 nm. Cell 
(h) Binding competition titrations
A 29-mer DNA hairpin containing a CC mismatch (*5 -GGCAGGCATGGCTTTTTGCCATCCCTG CC-3 ) was labelled with 32 P at the 5 -end according to established procedures [22] . A 1 : 1 mixture of labelled and unlabelled DNA was prepared in buffer (100 mM NaCl, 20 mM NaP i , pH 7.1) to a final concentration of 2 µM. The hairpin was annealed by heating to 90 • C for 10 min and slowly cooled to room temperature. To prepare samples for gel electrophoresis, 5 µL of a 4 µM solution of [Rh(bpy) 2 chrysi]Cl 3 (which photocleaves the DNA backbone at the site of a mismatch or abasic site upon irradiation [8] [9] [10] 
denaturing polyacrylamide gel. The gel was exposed on a phosphor screen, phosphorimaged, and the amounts of DNA cleavage were quantified using IMAGEQUANT.
To determine the K B values of 1a and 1b, competition gels were run in triplicate for each complex, and the percentage of DNA cleavage at each concentration was averaged and plotted as a function of log [Rh] . The data were fitted to a sigmoidal curve using ORIGINPRO v. 8. (i) Whole-cell rhodium accumulation HCT116O cells were plated in six-well plates at 1.0 × 10 6 cells per well (3 ml medium), and allowed 24 h to adhere. The cells were then incubated with 10 µM 1a or 1b for an additional 24 h. Cells were lysed with 1 per cent sodium dodecyl sulfate (SDS) and sonicated. Samples were aliquoted (0.75 ml) and diluted with 2 per cent HNO 3 (0.75 ml), and the cellular rhodium content was quantified on an HP-4500 inductively coupled plasma mass spectrometry (ICP-MS) unit. The remainder of the cell lysates were analysed for protein content via bicinchoninic acid (BCA) assay [23] . Rhodium counts were normalized to cellular protein content, and standard errors were calculated from three replicates.
(j) Mitochondrial rhodium accumulation HCT116O cells were plated in 75 cm 2 culture flasks at 2.0 × 10 7 cells per plate and incubated at 37 • C, 5 per cent CO 2 , for 24 h. Rhodium was added to 10 µM and cells were grown for an additional 24 h. The cells were then harvested by trypsinization and centrifuged for 5 min at 1200 r.p.m. The supernatants were decanted, and the cell pellets were resuspended in 1 ml cold phosphate-buffered saline (PBS) (pH 7.2). The cells were centrifuged again for 5 min at 1200 r.p.m. The supernatants were discarded, and the resultant pellets were resuspended in 0.5 ml mitochondrial extraction buffer (200 mM mannitol, 68 mM sucrose, 50 mM PIPES (piperazine-1,2-bis[2-ethanesulfonic acid]), 50 mM KCl, 5 mM ethylene glycol tetraacetic acid, 2 mM MgCl 2 ; 1 mM dithiothreitol and protease inhibitors were added immediately before use). The samples were incubated on ice for 20 min, and the suspensions were homogenized via passage through a needle and syringe (35×). The homogenized cells were then centrifuged for 5 min at 750 r.p.m. The supernatants were collected and spun again at 14 000g for 10 min. The supernatants were decanted, and the resulting mitochondrial pellet was suspended in 0. were used in a BCA assay to determine mitochondrial protein content, which was carried out according to standard protocol. Rh counts from ICP-MS were converted to ppb and normalized to mitochondrial protein content (ng Rh per mg protein). As the mitochondria were isolated from whole cells, the rhodium content determined is strictly mitochondrial and, therefore, cannot be directly compared with total cellular rhodium accumulation. It should be noted that the Rh counts obtained are a lower-bound estimate, given the possibility of rhodium diffusion during organelle isolation. However, the experiments were performed in triplicate and were repeated by different experimenters at different times with a high level of reproducibility. The purity of mitochondrial fractions was ascertained by western blot [24] .
(k) Nuclear rhodium accumulation HCT116O cells were plated in 75 cm 2 culture flasks at 1.5 × 10 7 cells per plate and incubated at 37 • C, 5 per cent CO 2 , for 24 h. Rhodium was then added to 10 µM and cells were grown for an additional 24 h. The cells were trypsinized according to standard protocol, and the cell pellets were washed with 3 ml 1 × PBS (pH 7.2) and spun at 1200 r.p.m. for 5 min. The supernatant was discarded, and the pellets were resuspended in 1 ml 1 × PBS and divided into 2 × 0.5 ml aliquots (nuclear and whole cell). The samples were spun at 450g for 5 min at 4 • C. The supernatants were decanted and the whole-cell pellets were dissolved in 1 ml Milli-Q water. The nuclear pellets were dissolved in 1 ml hypotonic buffer (20 mM Tris-HCl, pH 7.4; 10 mM NaCl, 3 mM MgCl 2 ) and incubated on ice for 15 min. After 15 min, 50 µl of NP-40 detergent was added and the samples were vortexed for 10 s. Samples were then spun at 3000g for 10 min at 4 • C. The supernatants were discarded, and the nuclear pellets were dissolved in 1 ml Milli-Q water via sonication. All samples were diluted 1× with 2 per cent HNO 3 . A total of 20 µl aliquots were used in a BCA assay to determine nuclear protein content, which was carried out according to standard protocol. Rh counts from ICP-MS were converted to ppb and normalized to nuclear protein content (ng Rh mg −1 protein). Experiments were performed in biological triplicate, and standard errors were calculated from six replicates.
Results and discussion (a) Synthesis and characterization of metal complexes
The complexes studied were prepared in a straightforward manner. The ancillary ligands DPAE 5a and PrDPA 5b, were synthesized from 2,2'-dipyridylamine [19] , and the rhodium precursor, [Rh(NH 3 ) 4 chrysi] 3+ (6) , was synthesized from [Rh(NH 3 ) 5 Cl] 2+ [16] . The ractris(chelate) complexes (1a, 1b) were prepared by reacting 6 with either 5a or 5b (2.1 equiv.) in a 1 : 1 mixture of ethanol and water at reflux temperature (scheme 2). The octanol/water partition coefficients (log P) were determined to be −1.5 and −1.0 for [Rh(DPAE) 2 2 chrysi] 3+ , a highly lipophilic complex (log P = 1.3) but with no cell-selective activity, given its poor binding to mismatches.
(b) Biological studies in MMR-deficient versus -proficient cell lines
We first tested for the selective effects on cellular proliferation of rac-[Rh(DPAE) 2 chrysi] 3+ and rac-[Rh(PrDPA) 2 chrysi] 3+ using the ELISA in the isogenic HCT116 cell lines testing for BrdU incorporation [20] . HCT116N and HCT116O cells were incubated with varying concentrations of each complex, and the proliferation of each cell line was measured over time as a function of incorporation of the thymidine analogue BrdU [20] . The differential activity of rhodium treatment is defined as the difference between the normalized percentages of BrdU incorporation for the two cell lines. 3+ exhibits excellent, cell-selective activity at just 6 h, whereas [Rh(PrDPA) 2 
chrysi]
3+ imparts non-selective inhibitory effects after 72 h. BrdU incorporation is normalized to that of untreated cells.
As seen in figure 2a, [Rh(DPAE) 2 chrysi] 3+ exhibits differential inhibition of growth in the MMR-deficient cell line as early as 6 h. At 10 µM, the differential inhibition of the complex is 63 ± 7%. This activity is quite high and early compared with other metalloinsertors tested [16] . By contrast, and remarkably, [Rh(PrDPA) 2 chrysi] 3+ displays little detectable selectivity for MMR-deficient cells; after 72 h, cell growth appears to be inhibited similarly in both cell lines (figure 2b).
We next assayed for cytotoxicity using the MTT assay for mitochondrial function. Mitochondrial enzymes reduce MTT reagent to formazan, which can be quantified by its characteristic absorbance at 570 nm. The absorbance is typically an indicator of the percentage of viable cells present in the medium; however, it more directly reflects the metabolic activity of the cells, and specifically mitochondrion function [25] [26] [27] . HCT116N and HCT116O cells were treated with 0-40 µM rhodium and incubated for 24 h, after which the cells were exposed to MTT reagent for 4 h. The formazan crystals were solubilized in acidified SDS and quantified using electronic absorption spectroscopy. The percentage of viable cells in a given sample is expressed as a function of the absorbance of formazan at 570 nm. We were interested in particular in comparing the two Rh complexes directly. Neither showed significant differential effects in cytotoxicity at 24 h. However, while we observe that cells treated with rac-[Rh(DPAE) 2 (c) DNA binding affinity Previously, a correlation between DNA binding affinity and inhibitory effects on MMR-deficient cells was established [16] . In general, complexes that bind DNA mismatches with the highest affinity were found to have the greatest differential activity in cellulo, with the most effective complexes showing K B = 10 7 -10 8 M −1 for a CC mismatch. We thus sought to examine whether a difference in binding affinity might account for the differences seen in biological activities.
Since 3+ . Both complexes show affinities well within the range where differential effects on biological activities have been seen [16] . Thus, binding affinity alone cannot account for the difference in biological activity between the two complexes.
(d) Cellular uptake and subcellular localization
We next explored the accumulation of rhodium in whole-cell, nuclear and mitochondrial extracts using ICP-MS. Could the difference in biological function be explained through a difference in cellular uptake?
To determine whole-cell uptake, HCT116O cells were incubated in medium containing 10 µM [Rh(DPAE) 2 lysed in a 1% SDS solution. Rhodium content was quantified using ICP-MS and normalized to cellular protein content as determined by a BCA assay [23] .
As is evident in figure 5 , it is apparent that it is [Rh(PrDPA) 2 2 chrysi] 3+ for 24 h and harvested by trypsinization. After washing with PBS, nuclei and mitochondria were isolated via differential centrifugation, and rhodium content was quantified by ICP-MS. Mitochondrial rhodium accumulation is normalized to mitochondrial protein content, and nuclear rhodium accumulation is expressed as a percentage of the total whole-cell rhodium. Here, too, HCT116N cells were treated similarly, and the same trends in uptake and localization were observed for the two cell lines.
As illustrated in figure 5b, mitochondrial rhodium content in cells incubated with [Rh(PrDPA) 2 For the DPAE complex, in contrast, a larger percentage of Rh appears in the nucleus. Clearly, it is this nuclear trafficking that is responsible for the biological efficacy of [Rh(DPAE) 2 chrysi] 3+ . Interestingly, the nuclear rhodium concentrations are actually quite similar for both complexes. However, the significantly increased cellular accumulation of [Rh(PrDPA) 2 chrysi] 3+ results in a higher proportion of rhodium in the cytosol and mitochondria, and it is here where cytotoxic effects that are not cell selective must be triggered. By contrast, there is a smaller amount of extranuclear [Rh(DPAE) 2 chrysi] 3+ , which by extension results in a lower mitochondrial concentration. For the DPAE complex, MMR-selective effects of the complex prevail over any non-specific consequences of mitochondrial accumulation.
Perhaps most significantly, these data identify quite simply that metalloinsertors target mismatch lesions in genomic DNA rather than those in mitochondrial DNA. It is this nuclear mismatch targeting that is responsible for the differential biological activity in MMR-deficient cells that we observe.
Implications and conclusions
We have characterized two metalloinsertors, similar in structure and in their binding to DNA mismatches, but we have found only of one of the complexes, [Rh(DPAE) 2 the chemical structure of the ancillary ligands. Substitution of the terminal alcohols on the DPA ligands for methyl groups is sufficient to extinguish the differential inhibition of cellular proliferation. It is, moreover, neither mismatch binding nor whole-cell uptake that is responsible for this effect; the complexes show quite similar DNA binding affinities and, indeed, there is superior whole-cell uptake of [Rh(PrDPA) 2 chrysi] 3+ . Instead we attribute the high level of cell-selective inhibition of cellular proliferation by [Rh(DPAE) 2 chrysi] 3+ to the subcellular localization of the complex to the nucleus rather than mitochondrion. This subtle variation in ligand structure appears to be responsible for mitochondrial versus nuclear accumulation. Interestingly, similarly small changes in subcellular localization have been demonstrated with peptide-fluorophore conjugates [28] . The enhanced cellular uptake of [Rh(PrDPA) 2 chrysi] 3+ magnifies this difference in biological effect, resulting in a substantial amount of mitochondrial rhodium relative to nuclear rhodium with associated cytotoxicity that is not cell selective. Indeed, for [Rh(PrDPA) 2 chrysi] 3+ , the nuclear rhodium content may largely reside in the membrane. For [Rh(DPAE) 2 chrysi] 3+ , instead, a greater percentage of cellular rhodium accrues in the nucleus, available to target the DNA mismatches.
Importantly, these results are also consistent with the model that differential anti-proliferative activity is the result of mismatch recognition by metalloinsertors within genomic, rather than mitochondrial, DNA. Mismatches in the nucleus that result from MMR deficiencies are those that are targeted.
This study underscores the subtle variations in chemical structure that must be considered in the rational design of novel chemotherapeutics. Not only must macromolecular targets, in our case the DNA mismatches, be recognized with high specificity, but also whole-cell uptake and specific trafficking to the organelle of interest must be taken into account. Subcellular localization too is seen to change with very small changes in ligand functionality. These factors require consideration in the design of novel DNA binding probes.
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